The analysis of individual gene product should enable to clarify the role of a particular enzyme in a complex xylanase system of A. niger. The two genes encoding precursors of co-produced endo-1,4--Dxylanases, xynA1 and xynB, were isolated from Aspergillus niger SCTCC 400264 (SCTCC, China) by using RT-PCR technique and then successfully expressed in Escherichia coli BL21. The nucleotide sequences of the xynA1 and xynB genes revealed that they were only 52.5% homology to each other.
INTRODUCTION
Xylan, as the most abundant hemicellulose, accouts for more than 30% of the dry weight of terrestrial plants and represents the major renewable carbon resource in nature (6, 11) . Xylanolytic enzymes are a group of enzymes that hydrolyze xylan and arabinoxylan polymers, of which the most important are the endo-1,4--xylanases (EC 3.2.1.8) (25) .
These enzymes degrade xylan to shortchain xylooligosaccharides varying lengths. As the applications of these enzymes are valuable in many biotechnological processes, they gain significant attention, and play important roles in the animal feed, pulp and paper, textile, and food industries (16) .
There are also other potential applications for the xylanases, such as the conversion of xylan that are from agriculture and food industries' wastes to xylose, the production of fuel and the synthesis of chemical feedstocks (26) . Therfore, a number of xylanolytic enzymes from various sources, especially from microorganisms, have been studied to understand their biochemical and physical characteristics (26) .
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Xylanases have been classified into two families, F/10 and G/11, based on hydrophobic cluster analysis and sequence homology (9) . Family F/10 are endo--1,4-xylanses with higher molecular mass than family G/11 xylanses, and presenting ( / ) 8 barrel folds in three-dimensional(3D) structure (7) . Family G/11 are xylanases with lower molecular masses (<30kDa) (12) and are encoded as precursors composed of signal peptide and a mature xylanase. The 3D structures of family G/11 xylanases have the overall shape of a "right hand"
as described by Torronen et al. (1994) (29) . Fungi have been recognized as a target for screening and a sourse of new enzymes with useful and novel characteristics due to their diversity (24) . Filamentous fungus Aspergillus niger produces a broad spectrum of xylan-degrading enzymes with different physicochemical properties (8, 20, 15) , and most of which belong to family G/11. However, the inconsistency between the reported properties of homologous xylanases of family G/11
hampers comprehensive understanding of a xylanase system. Therefore, it would be of great importance to examine thoroughly the heterogonous xylanases co-produced by one strain of A. niger to determine their function. Nevertheless, detailed analysis of an enzyme was hampered by the presence of several enzyme activities in the fungal preparation and the inability to obtain the specific xylanolytic enzyme in a pure form, the recombinant DNA technology that enables to analyse the single gene products successfully.
Recently, several genes encoding Aspergillius niger xylanases have been cloned. Some of these genes were then either overexpressed in Aspergillus species (13) or heterologously expressed in the yeast Saccharomyces cerevisiae and Pichia pastoris (20, 14, 19) , but in most cases the low secretion levels did not allow complete purification and characterization of the enzymes. Nevertheless, heterologous expression of A. niger xylanase was of interest for the production of large quantities of a single xylanolytic enzyme.
The Escherichia coli BL21 due to its clear genetic background, simple operation, short growth period and high expression became an attractive expression system of foreign proteins, including these of eukaryotic origin.
Since many industrial processes need high temperature, thermostability is one of the most desirable enzyme characteristics. Moreover, it has long been recognized that thermophiles represent a source of novel thermostable enzymes (4) . Previous study conducted in our laboratory showed the crude proteins from a thermoresistant fungus Aspergillus niger SCTCC 400264 retained high xylanolytic activity after heat treatment, however, there was little information about the genes encoded the xylanases from the strain. In this study, we presented genes retrieval of two highly expressed endoxylanases of family 11 from A. niger SCTCC 400264 that were later named: xynA1 and xynB, and contributed greatly to understand the complexity of the xylanase system of A. niger through characterization of the two recombinant xylanases.
MATERIALS AND METHODS

Microbial strains and plamids
A. niger SCTCC 400264 from our Institute collection (SCTCC, China) was grown in a complex medium (22) containing 0.5% oat spelt xylan as the sole carbon source for induction of the xylanolytic enzymes. E. coli JM109 was used as a cloning host and DNA propagation and was grown in LB medium. E. coli BL21 was used to express recombinant protein using the expression vector pET32a (Novagen/Merck, America). Inc., Shanghai, China.
Expression and purification of recombinant xylanases
Based on the nucleotide sequenses of xynA1 and xynB , the entire coding regions of the two genes without their signal peptides, were amplified by PCR, both the forward primers 
Enzyme and protein assays, SDS-PAGE analysis
The xylanase activity was assayed by measuring the reducing groups liberated from 0.8% (w/v) oat spelt xylan (Sigma, America) by the DNS method using xylose as standard (21) . One unit of enzyme activity was defined as the amount of enzyme that produced reducing sugars equivalent to 1 mol of xylose per minute. Kinetic parameters of the enzyme were determined by measuring the enzymatic activity toward birchwood xylan at various concentrations (2.5-20 mg ml−1 in 100mM citrate buffer pH 5) (22) . The activity determination of the enzyme was carried out at each optimal temperature of enzymes for 10 min by the DNS method. The kinetic parameters were then determined by fitting the initial velocity data to the Michaelis-Menten equation using the Kaleida Graph software (Synergy Software, Reading, PA) (5).
Protein was estimated using the method of Bradford (3). 
RESULTS AND DISCUSSION
Isolation and analysis of genes encoding xynA1 and xynB
The genes encoding two co-produced endo-1,4-- 
Construction of expression plasmid and expression in E.coli
The entire coding regin of xynA1 and xynB (without peptide), were amplified by PCR from the cloning plasmids pMD-xynA1and pMD-xynB respectively, and then cloned into (Fig. 2) . The specific activity of the purified enzymes showed 13.8-fold (XYNA1) and 14.5-fold (XYNB) increase compared with the crude proteins in culture supernatant of E.coli BL21 (DE3). However, the highest specific xylanase activity for recombinant XYNA1 and XYNB were 16.58 U/mg protein and 1201.7 U/mg protein respectively. The latter was also higher than that of the other recombinant xylanases from
A. niger reported (14, 19) . Characterization of the recombinant enzymes revealed the great difference between the recombinant XYNA1 and XYNB:
The optimum reaction temperature and pH of the recombinant XYNA1 were 35 ºC and 3.0, respectively, but the recombinant XYNB were 55 ºC and 5.0 (Fig.3, Fig.4 ). The properties for the optimal enzyme activity of the recombinant XYNB were in the Yi, X. et al.
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range of that reported for other fungi and bacteria (30) .
The XynB from A. niger IBT-90 and XynNB described by Kinoshita et al. (13) showed the same pH optima of about 5.0.
The pH determined for XYNA1 was exactly the same as the pH optimum reported for XynI derived from A. niger (15) . As anticipated from the resolved crystal structure of A. niger XynI (15) and further determined by means of mutagenesis by Tahir et al. (28) , the Asp37 presented in the active site of acidic -xylanases was the key residue responsible for low pH optimum (18) , so the lower pH optimum of XYNA1 would be attributed to the presence of Asp at the mentioned position.
The results of the effects of pH stability on the two recombinant xylanase revealed that, the recombinant XYNA1 was more stable than recombinant XYNB after being incubated at pH 2.0-5.0 for 30 min at 37 ºC, however, there had little difference after being incubated at pH 6.0-10.0 between them , and both retained 75%~85% of maximal activity (Fig.5) . A.niger (19, 30) , the recombinant XYNB in our research also showeded higher thermostability.
Various metal ions have different effects on activity between the two recombinant xylanases ( Table 1 ). The potassium, calcium, zinc, iron had defferent stimulation effects on recombinant XYNB activity, copper inhibited its activity. However, manganese, copper and iron had an inhibitory effect on recombinant XYNA1 activity, only potassium stimulated its activity by 41%.
In conclusion, this was the first report on isolation of two genes encoding: xynA1 and xynB from different groups of glycosyl hydrolase family 11 co-produced by one strain of A. Time (min) Relative activity (%)
